Aims Acute haemorrhagic conjunctivitis (AHC) is a highly contagious conjunctivitis associated with enteroviruses. Coxsackie A-24 variant (CA-24v) and enterovirus-70 (EV-70) are the two major causative agents. During
Introduction
Acute haemorrhagic conjunctivitis (AHC) is a highly contagious conjunctivitis characterized by a short incubation period, an explosive onset of signs and symptoms, bilateral ocular involvement, and a rapid recovery phase without significant ocular sequelae. Clinical presentations include lid oedema, watery discharge, conjunctival injection, follicular reaction, punctate epithelial keratitis, and typically subconjunctival haemorrhages. 1 Systemic manifestations, such as upper respiratory symptom, cough, pharyngitis, myalgia, malaise, headache, gastrointestinal illness, fever, and periauricular lymphadenopathy, were also noted in some AHC patients. Symptoms usually start after an incubation period of 24-48 h, persist for 3-5 days and disappear within 1-2 weeks. Most cases are self-limited without any sequelae. 2 Adenovirus 11, coxsackie A-24 variant (CA-24v), and enterovirus-70 (EV-70) are the three major viruses known to cause AHC epidemics and pandemics. 2, 3 Compared with adenovirus 11, enteroviruses (EV-70 and CA-24v) are more likely to lead to the expanded epidemics because of their RNA genomes and short incubation period (6-12 h for the enterovirus compared with 2-6 days for the adenovirus). It is known that RNA viruses, such as enterovirus, may evolve at rates approximately 10 6 -fold faster than the adenovirus, which has the DNA genome. CA-24v is an antigenetic variant of CA-24, which is responsible for most occurrences of AHC outbreaks since 1970 in Singapore. 1 There are three genotypes, designated as genotypes I-III, of the CA-24v that are identified by the phylogenetic analysis of the 3C protease region. Genotypes I and II correspond to strains isolated from Singapore, Hong Kong, and Thailand during the 1970s. Genotype III strains were isolated between 1985 and 1995 in Japan, Taiwan, China, Thailand, Singapore, and Ghana. The high degree of infectivity of CA-24v to the human conjunctiva was conferred by mutations accumulating in the RNA genome. 4 During October 2007, an epidemic of AHC occurred in Taiwan. Cases were first noted in the northern areas of Taiwan, including Keelung city, and Yunlin county. Within the next few days, the disease spread to Sijhih, a city in Taipei county south of Keelung, and Taipei city. As monitored by the Center of Disease Control in Taiwan, the areas involved in the epidemic of AHC 2007 included Keelung city, Taipei city and county, Yunlin county, and Chiayi county. More than 11 000 cases were officially reported to the public health authorities in the first 2 weeks of October 2007 (CDC Taiwan). 5 A growing number of patients visited CGHT and CGHS complaining of 'red eye' during this period. They presented with the following conjunctival symptoms, including foreign body sensation, red eye, tearing, eyelid oedema, and subconjunctival haemorrhage (Table 1) . Some patients also had systemic symptoms, including headaches and fever, but none of them presented with paralysis of body and face during the course of followups. All patients were diagnosed clinically as cases of acute haemorrhagic conjunctivitis. More than 400 clinically diagnosed cases of acute conjunctivitis alone were noted in CGHS.
To better characterize this outbreak, we collected samples from the conjunctival, throat, and rectal swabs in a group of patients treated at the CGHT and CGHS, and isolated the virus through the MRC-5 cell line. Subsequently, we identify the aetiological agent through immunocytochemical studies with IFA, and molecular studies with a one-step real-time RT-PCR assay based on the TaqMan technology, which allows for the rapid and sensitive detection of the specific genre of the CA-24v. 6 
Materials and methods

Clinical samples and virus isolation
Patients were selected randomly from those who visited the hospitals with symptoms of AHC during the period of September and October 2007 at the CGHT and CGHS. Clinical specimens were obtained from six patients (four from CGHS and two from CGH), and a total of seven specimens ( one throat, and one rectal, and five eye swabs) were collected. (Table 1 ) All applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during this study.
A total of seven clinical samples (one throat, and one rectal, and five eye swabs) were treated according to the method, described earlier, used for conventional virus isolation.
2 A confluent monolayer of MRC-5 cells (BCRC number: 60023) maintained in the minimum essential medium (GIBCO, Invitrogen, CA, USA) with 2% foetal bovine serum (GIBCO, Invitrogen) under 361C/CO 2 (5%) condition was inoculated with the above treated specimens. The inoculated cells were checked daily for the presence of cytopathic effect (CPE). When CPE was observed, the cells were scraped, smeared onto a glass slide, air dried, and fixed in acetone for 15 min.
Indirect immunofluorescence assay (IFA)
The slides with the virus-infected cells were tested with Light Diagnostics TM coxsackie A24 virus monoclonal antibody (Millipore Ltd., UK) and incubated at 371C in a humid chamber for 30 min. After incubation, the slides were washed twice in PBS, and rinsed with distilled water. The slides were further tested with goat antimouse IgG conjugated with fluorescein isothiocyanate, incubated in a humid chamber at 371C for 30 min, washed twice in PBS, rinsed with distilled water, and air dried. Subsequently, the slides were mounted in a mounting fluid (Imagen, DakoCytomation, Denmark) and observed with a fluorescence microscope. Normal mouse antibody was used as a negative control. Evans Blue exhibiting a dull red background hue was used as a counter stain for both infected and non-infected cells. Cells exhibiting an apple-green fluorescence were considered positive for CA-24v.
Viral RNA isolation and real-time RT-PCR assay
The processing of viral RNA isolation and real-time RT-PCR were performed as described earlier. 6 In brief, the viral RNA was isolated from 140 ml of cell culture supernatants with the QIAamp Viral RNA minikit (QIAGEN, International Inc.) and eluted in 60 ml of the The cycling profile performed using the 7300 real-time RT-PCR System (Applied Biosystems) involved reverse transcription at 481C for 30 min and initial denaturation at 951C for 10 min followed by 40 cycles for 15 s at 951C and for 1 min at 601C. Fluorescence data were collected during each annealing-extension step and analysed using software 7300 system version 1.6.3 (Applied Biosystems). The sensitivity of the test was then evaluated using 10-fold dilution series of titrated CV-A24v strains. Furthermore, the dilution series of each sample were tested four times to determine the lowest concentration that can be reproducibly detected.
Results
The epidemics began in the first week of September. It spread explosively from the northern part of Taiwan, with the number of patients peaking in the middle of October and subsiding during November (Figure 1 ). The patients included in the study ranged in age from 2 months to 57 years. The symptoms lasted 5-14 days. As little information was available on the age distribution of these patients, this part of the data could not be analysed in as much detail. The school-age group occupied the largest portion of the patients, and there seems to be no significant difference between genders.
All seven specimens of swabs tested in this study were inoculated onto the MRC-5 cell lines (Table 1) . After 2-3 days of the inoculation, the MRC-5 cells started to express CPE. When the CPE increased more than 50%, IFA assay was performed to examine the presence of coxackievirus A24. Enterovirus-specific cytopathic effects were observed in all seven specimens, which were positive for CA-24v after the IFA study (Figure 2 ). Real-time RT-PCR assay revealed that the CA-24v isolates that were collected belonged to a distinct lineage within genotype III similar to the earlier Asian isolates. 7 The cell culture supernatants from all the swab inoculations were tested positive for the CA-24v by realtime RT-PCR assay. The range of C t values observed in the undiluted cell culture supernatants is from 29 to 32. Each of the samples was then diluted 10-, 100-, and 1000-fold, and real-time RT-PCR assay was repeated for each of the diluted samples. The C t values were found to increase linearly with the dilutions in all the samples, indicating the sensitivity of the assay (R 2 ¼ 0.996; Figure 3 ). As the IFA is a well-recognized method in enterovirus typing, the identification of CA-24v by IFA combined with real-time RT-PCR confirmation should be legitimate and convincing.
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Discussion
The symptoms of AHC were first noted in 1969 in Ghana, West Africa, from where the disease spread as a pandemic to the rest of the world. [10] [11] [12] The disease was noted to be unusual because of its rapid spread, and fast onset, and recovery of clinical symptoms. Although the Ghana report originally suggested that AHC was caused Signs and symptoms 15 Japan, Thailand, 16 South Korea, 17, 18 and Taiwan, 19, 20 and eastward to the Americas. 21, 22 In Taiwan, the first major outbreak of AHC occurred in 1971 with EV-70 identified as the causative agent. Between the years 1971 and 1985, multiple endemic outbreaks caused by EV-70 confirmed by virus isolation and identification, were reported. Thereafter, however, four major outbreaks of AHC reported in 1985-1986, 1988-1989, and in 1990-1994 were all caused by different strains of CA-24v, rather than EV-70. 7, 19, 20, 23, 24 This is supported by the serological evidence, from the serum of the Taiwanese population before the 1985-1986 outbreak, which indicates high titres of antibodies against EV-70 and very low titres of antibodies against CA-24v. 19 During September and October 2007, a major outbreak of AHC occurred again in Taiwan, with an estimate of more than 11 000 people affected. Phylogenic studies revealed the causative agent being CA-24v, genotype III; which is the same genotype as the virus strain isolated from the AHC outbreaks in Taiwan In our study, besides the five conjunctival swabs, which were positive for the CA-24v virus isolation, specimens from the throat and rectal swabs from the same AHC patient also cultured positive for the CA-24v virus. The results were significant for two reasons. First, besides the conjunctival swabs, the throat and rectal swabs may also provide a good source for viral isolation. Second, the results suggested that the CA-24v can also be transmitted by ways other than the earlier suggested close person-to-person contact. Respiratory droplet may also be a possible route of transmission. Therefore, AHC may not only be spread through conjunctival secretions, but also through the respiratory and fecal-oral route. The multiple ways of transmission may account for the rapid and explosive spread of CA-24v within the communities and to the neighbouring countries.
This study also reminds us of the importance of virus isolation in any outbreak for subsequent virus identification. An earlier study has described a rapid method of identifying the virus through the use of real-time RT-PCR directly from the collected samples. However, it also indicated the possibility of getting negative results from the assay secondary to the limitation of the technique and sampling methods. 6 Our experiment has shown that when the causative agent is unknown initially, the procedure of virus isolation is important for the following reasons: first, as the samples collected are always contaminated, isolating, and preserving, the virus strain provide a cleaner specimen for further detailed phylogenic studies; second, the virus preserved may function as a backup specimen in case the real-time RT-PCR performed directly from the sample fails to give results. Virus isolation in any outbreak, although time consuming, is a necessary procedure for the later identification of the virus as the procedure allows the preservation of the virus strain.
This report is the first to identify CA-24v as the aetiological agent that is responsible for the 2007 September-November AHC outbreak in Taiwan. Whether this virus is the same strain as the virus strains from the last outbreak in Taiwan remains to be elucidated. Further phylogenic analysis is currently underway to classify the virus strain into clusters. The virus isolates obtained in the 1985/1986, 1988/1989 , and 1990 outbreaks were classified into genotype III clusters 1, 5, and 6, respectively. 19, 20 Comparison of the nucleoside sequences of the virus isolates of the outbreaks with those of the earlier outbreaks will help to identify the phylogenic relationships among the different strains. The results will provide insights into the origin of this outbreak as to whether this outbreak was caused by the resurgence of the same virus strains from the earlier outbreaks in Taiwan or by different viruses introduced from nearby countries.
